ABSTRACT
INTRODUCTION
High deregulation, diversification, and globalization have stimulated a rise in the competition between companies all over the world. To maintain profitability, many companies consider that an effective Customer Relationship Management (CRM) is one of the critical factors for success. The central objective of CRM is to maximize the lifetime profits from a customer to a company [1] . It has been shown in recent studies (e.g., [2] , [3] , [4] ) that existing customers are more profitable than new customers; it costs much more to attract a new customer than it does to retain an existing customer and retained customers are good candidates for cross selling. It is for these reasons that many companies consider consumer retention to be one of their most important business activities.
Fuzzy logic was first proposed by Zadeh L.A. [5] of the University of California at Berkeley in a paper. In 1973 through his research work, he introduced the concept of "linguistic variables", In this paper the said term equated to a variable defined as a fuzzy set. Subsequently there was much work done by other research scientists which was applicable in industrial applications.
Why Use Fuzzy Logic?
Here is a list of general observations about fuzzy logic:
• Fuzzy logic is conceptually easy to understand.
• Fuzzy logic is flexible.
• Fuzzy logic is tolerant of imprecise data.
• Fuzzy logic can be blended and used with conventional control techniques.
• Fuzzy logic is based on natural language.
The basis of fuzzy logic is the basis for human communication [6] . This observation underpins many of the other facts and statements about fuzzy logic.
The last statement is perhaps the most useful and deserves more of discussion. Common language which is used by ordinary masses on a daily basis has originated in hundreds of years of human history .This has evolved and been made more efficient and easy for use. Sentences written in common language is used for efficient communication. We are generally unaware of this because ordinary language is something we use every day. Since fuzzy logic is built atop the structures of qualitative description which are used in everyday language, fuzzy logic is easy to use and understand. Fuzzy logic is used by researchers to quantify generic data. Until now generic information cannot be measured. How will one decide how worthwhile it will be visiting any general store for purchasing goods? The best quality, best place, good offer are just not enough to help us in taking a decision, unless these attributes are measurable that is how good, how best it is. The uncertain information or imprecise data cannot be used for any task. Common language in various variations is used by people to communicate among them, but when interaction is done with machines and systems, they come across imprecise and vague concepts which are quite easy to understand but very difficult to interpret and use. For example the statement "Temperature today is 38°C " does not explicitly state that today it's hot, and the statement "Today's temperature is 1.2 standard deviations about the mean temperature for daytime in the month of May " is fraught with difficulties: would a temp 1.1999999 standard deviations above the mean be hot [7] [8] [9] ?
In this paper, the development of a fuzzy based selection strategy is described for selection of customers whom the bank should target for deposit subscription. Fuzzy set theory thus aims at modelling imprecise, vague and fuzzy information. Computers cannot still adequately handle such problems, because machine intelligence employs sequential (Boolean) logic. The human brain is exceptional and superior because of its capacity of handling fuzzy statements and decisions. It works by filtering and selecting data that is relevant and useful for fulfilling his purpose. The fuzzy based selection strategy includes designing the expert system, selecting the membership function, input, output and a fuzzy rule base.
The vast number of marketing campaigns over time has diminished its effect on the general public. Furthermore, the tough competition has led marketing managers to invest on selective directed campaigns with a rigorous selection of customers to be promoted to. Such type of directed campaigns can be accomplished by using techniques such as Data Mining (DM) and Business Intelligence (BI). For this paper, real-world data was collected from a Portuguese marketing campaign related with bank deposit subscription. The business goal is to find a model that can explain success of a contact, i.e. if the client subscribes the deposit which the company is promoting. Such model can increase campaign efficiency by identifying the main characteristics that affect success of the program, helping in a better management of the resources that are available (e.g. human effort, phone calls, time) and selection of a high quality and affordable set of potential buying.
EXPERT SYSTEM: AN OVERVIEW
A problem of classical association rules is that not every kind of data that is available can be used for mining. Rules can only be derived from data containing binary data, where an item either exists in a transaction or it does not exist in the transaction [10] . When dealing with a quantitative database, no association rules can be mined. This fact led to the invention of quantitative association rules, where the quantitative attributes are split into intervals and the single elements are either members or non members of any of those intervals [11] [12] . With this approach, a binary database can be constructed out of a quantitative one. The quantitative approach allows an item either to be member of an interval or not be. This leads to an under-or overestimation of values that are close to the borders of such "crisp" sets. To counter this problem, the approach of fuzzy rules has been developed. It allows the intervals to overlap, making the set fuzzy instead of crisp. Items can then show a partial membership to more than one set, overcoming the problem addressed above, which is called "sharp boundary problem". The membership of an item is defined by a membership function and fuzzy set theoretic operations are incorporated to calculate the quality measures of rules that are discovered. Using this approach, rules might be discovered that could have got undiscovered with the standard quantitative approach [13] .
Methodology
The fuzzy logic expert system for targeting customers for subscribing fixed deposits, the following six input is taken for consideration i.e. age, average yearly balance , marital status, existence of loan, previous contact outcome, duration of contact. This data reflects the degree of vagueness in the information furnished by the customer and collected by the banks from various sources. Fuzzy logic is a strong tool that deals with decision making and human reasoning involving inaccuracy, uncertainty, vagueness and approximation. One can apply fuzzy logic that helps in quantifying the contribution of a set of information to various parameters in terms of fuzzy membership. Fuzzy logic emerged as an attractive tool for various applications ranging from decision analysis, time series prediction, finance [14] , traffic control, automobile speed control, pattern recognition, robotics and earthquake detections etc.
Development of Fuzzy based Expert System

Figure 1 Fuzzy expert System
We develop a fuzzy logic based expert system for selection of customers to be targeted for marketing calls for subscription Figure 1 shows the mechanism of such system. The fuzzy logic based expert system consists of four components: fuzzifier, inference engine, defuzzifier, and the rule base. The role of fuzzifier is to convert a crisp input variable into linguistic variables.
That is ready to be processed by the inference engine. The inference engine using the fuzzified inputs and the rules stored in the rule base process the incoming data and produces linguistic output [15] [16] . Once the output linguistic values are available, the defuzzifier produces the final crisp values from the output linguistic values. The validation process starts by entering two sets of data; one furnished by the customer and the other obtained by the banking marketing person reviewing the profile of the customer. The data is obtained from direct marketing campaigns of a Portuguese banking institution [17] . The marketing campaigns were based on phone calls in order to access if the product (bank term deposit) would be (or not) subscribed. This information is obtained from:
http://archive.ics.uci.edu/ml/datasets/Bank+Marketing
The information that is crucial in decision making of selecting the target customers is given higher weight age/impact factor. In the same way the values of the other inputs can be determined. The normalized values of these measures are used as inputs to the expert system. The degree of membership corresponding to a value of input is determined by the use of trapezoidal membership functions because of their simplicity and good result obtained by simulation. The membership functions are designed on the basis of the available information. Then the rule base is constructed which will be based on all the applicable input parameters and subsequently several rules are to be fired for each decision. The expert system's output is then defuzzified.
ALGORITHMS USING FUZZY APPROACH
The steps of the expert system are summarized below:
1. Input. The crisp value of various input parameters like age, marital status, average yearly balance, existence of loan, prev0ious contact outcome, duration of contact is obtained in the normalized form.
2. Evaluate the main parameter. Determine the age X1, average yearly balance X2, and marital status X3, existence of loan X4, previous contact outcome X5 and duration of contact X6. 3 . Fuzzify the crisp values of inputs. Through the use of membership functions defined for each fuzzy set for each linguistic variable, determine the degree of membership of a crisp value in each fuzzy set. Each of these ambiguity indices have been divided into different fuzzy sets. This is described in details in Section 4. 4 . Fire the rule bases that correspond to these inputs. All expert systems which are based on fuzzy logic uses IF-THEN rules. The "IF" part is known as antecedent or premise, whereas the "THEN" part is termed as a consequence or conclusion. Since all the 6 inputs have number of fuzzy sets, therefore 648 (3x4x2x3x3x3) fuzzy decisions are to be fired. There are three outputs: Low Chance, High-Chance and Very-High-Chance category of customers who are taken into consideration for bank deposit subscription. However, in principle, in all the fuzzy logic based expert system, we explore the implicit and explicit relationships within the system by mimicking human thinking and subsequently develop the optimal fuzzy rules as well as knowledge base.
DESIGN OF THE SYSTEM USING SAMPLE DATA
Now we demonstrate the designing of the fuzzy decision support system, membership functions, fuzzy rule base, fuzzification and defuzzification. Fuzzy logic which is a very good tool is put to use in case of uncertain situations. Determination of input and output variables is the first step in designing the fuzzy decision support system. There are sixteen input variables and one output variable. After that, we have designed membership functions (MF) of all variables. The designed membership functions thus determine the membership of objects to fuzzy sets. Initially the input variables will be described along with their membership functions. Subsequently, the output variable with its membership functions will be introduced. Finally we will describe the rules used in the system, Fuzzification and Defuzzification process.
The sample data pertains to direct marketing -telemarketing campaigns of a Portuguese banking institution.
There are two datasets:
The goal is to predict if the client will subscribe to a term deposit (variable y).
The data is from a public data source. The author's fuzzy model has been developed purely based on the training data set. This data contains following 16 Input variables related to Customer Data:
Overall Input variables:
Customer Data 1 -Age 2 -Job: type of job 3 -Marital: marital status4 -education 5 -Default: has credit in default? 6 -Balance: average yearly balance, in Euros 7 -Housing: has housing loan? 8 -Loan: has personal loan? 9 -Contact: contact communication type 10 -Day: last contact day of the month 11 -Month: last contact month of year 12 -Duration: last contact duration, in seconds 13 -Campaign: number of contacts performed during this campaign and for this client 14 -Pdays: number of days that passed by after the client was last contacted from a previous campaign 15 -Previous: number of contacts performed before this campaign and for this client 16 -Poutcome: outcome of the previous marketing campaign Output Variable (desired target) Y1 is to predict whether customer subscribes for deposit scheme.
After consultation with the business consultant the author came up with the reduced set of input variables that is relevant for designing the model. In the model designed 6 significant input variables were; age X1, average yearly balance X2, marital status X3, existence of loan X4, previous contact outcome X5, duration of contact X6. Balance is the average yearly balance that is available with the customer's bank. This input variable has three fuzzy sets namely "Low", "Average", "High". Membership functions of them are trapezoidal. Fuzzy sets Range of Balance are identified in table 2 and membership functions for fuzzy sets are identified in Figure 3 . 
4) EXISTENCE OF LOAN
This fuzzy set has three possibilities namely Low, Medium and High. This is described as high, medium or low amount of low. A record without any loan will be described within low only. The range is described in Table 4 and membership functions in Figure 5 . 
5) PREVIOUS CONTACT OUTCOME
Previous contact outcome is the result of the previous campaign, whether the policy was bought or not. It has only two members, success or failure. For the range, we have Table 5 . And for the membership functions, we have Figure. 6. Table 6 . and Figure 7 . 
DEPOSIT-SUBSCRIPTION
The "goal" of the system is to identify the customers who will subscribe for the bank deposit. The output variable is in the form of three variables, high chance, very-high chance and low chance . Table 7 identifies these fuzzy sets and its range. The membership functions of the fuzzy sets are triangle which is depicted in Figure. 8. The Rules Base has been determined after consultation with renowned banking officials. From the discovered 648 fuzzy rules, we selected 100 rules randomly and presented them to the banking officials whom we also consulted on the definition of the linguistic terms. The rules were evaluated according to how useful and how unexpected they were, as judged by the domain expert. Our rule base consists of 9 rules that determine the deposit subscription status (Low Chance, High Chance and Very High Chance) by evaluation of the input variables mentioned above. The rule base is shown in Table 8 . This system depends on Mamdani model for inference mechanism, in it and method is minimum (this system doesn't contains the 'or' operator), Implication method is minimum which involves defining the consequence as an output fuzzy set. Aggregation method between rules is maximum to combine the output fuzzy set. The Fuzzification method used is max-min and Defuzzification method is centroid.
DISCUSSIONS
The system has been tested by banking experts and one of the tested values has been considered which is depicted in Figure 9 .
The test is done on a customer and her marital status is married and her available balance is high then that is very likely customer to go for fixed deposit scheme. The provided customer data was a person around 50 years of age, approximate saving around 1 lakhs per year, married, no previous loan, never contacted earlier by marketing person, duration of contact by marketing person around half an hour. These inputs represent the degree of vagueness/doubt in the information furnished during various time periods. The degree of vagueness/doubt in the information and the level of judgment used by the marketing person in deciding to approach this customer for subscribing the deposit scheme is always a challenge. At this type of situation fuzzy based expert system is a very good tool for decision making for both customer and marketing managers to invest on directed campaigns with a strict and rigorous selection of contacts 
CONCLUSION
The use of a fuzzy based expert system for targeting specific customer is taken into consideration by the author. This paper describes design of fuzzy decision support system for identification of prospective customer in situations of data diversity and imprecision, which can be used by specialized banking experts for improving their marketing campaign. Our future efforts will be to use association rules that can produce an optimum surface representing all the combination points from a few of the tested combinations. Also further we would like to work on other areas for applying fuzzy logic.
